This paper investigates patterns of size-at-age and of maturity-at-size and -age using data from opportunistic, seasonal collections of Loligo pealeii from fisheries and research surveys off southern New England during 1993-1997. We describe basic life history parameters, such as lifespan, size and age at 50% maturity, size at stage of sexual maturation, and growth rates by sex and hatch month. The results provide new quantitative information on the population structure of L. pealeii and provide evidence that the link between the inshore and offshore components of the stock may be more complicated than formerly believed. Age composition appeared to be stable throughout the year, except during autumn, with modal ages at capture of only 150-180 d. L. pealeii spawning was inferred to occur throughout the year based on observed ages. Direct age sampling of the inshore and offshore fisheries for L. pealeii showed that these seasonal fisheries likely interact and that each harvests squid spawned in the previous season.
Introduction
The inshore long-finned squid (Loligo pealeii) resource has been intensively harvested for less than four decades, roughly 40 generations of this short-lived species. Since the 1970s the domestic USA fishery for L. pealeii has changed substantially. Traditionally, the L. pealeii harvest was concentrated within inshore waters (<5 km from coast) off southern New England from MayOctober. In the mid-1960s foreign fleets began harvesting concentrations of squid offshore during winter at the edge of the continental shelf. By the early 1980s domestic fleets also began to target squid offshore (>5 km from coast). While approximately 40% of the total L. pealeii catch was made inshore during the early 1980s (MAFMC, 1994) , by 1997 roughly 90% of the landed value of L. pealeii was caught offshore, solely by the US fleet.
It has long been known that L. pealeii migrates inshore in late spring and early sumer (May-June) into shallow coastal waters from the mid-Atlantic Bight (Virginia-New Jersey) to southern New England (New York-Massachusetts) and spawns (Summarized by Brodziak, 1998) . The inshore commercial Loligo fishery is directed towards these large, mature, squid, but in recent years the inshore fishery has lasted only a brief two to four weeks. By late November-early December the squid have left the shallow southern New England waters and migrated into deeper waters along the edge of the continental shelf where they over-winter. The offshore winter commercial fishery targets offshore concentrations of squid frequently found at the heads of submarine canyons where water temperatures exceed 8 C.
In this paper we provide new quantitative information on the population structure of L. pealeii and provide evidence that the link between the inshore and offshore components of the stock may be more complicated than formerly believed. The population structure of the summer inshore spawning and nursery season has already been relatively well-documented with respect to size distributions and maturity state by Summers (1968 Summers ( , 1971 and Macy (1980) . Our efforts in this study focus on the relatively undocumented population structure during the winter offshore season and on seasonal trends in the age structure both inshore and offshore. We also examine the validity of the hypothesis that increased effort by the winter offshore fishery is a likely mechanism for recent declines in inshore landings and recruitment (Brodziak, 1998; Cadrin and Hatfield, 1999) .
Materials and Methods
A total of ten collections of L. pealeii were obtained (Table 1 ) from research surveys and commercial catches conducted during [1993] [1994] [1995] [1996] [1997] . Offshore commercial fishery samples (2OC, 5OC, and 8OC) were collected by domestic fishery observers at sea. Offshore research survey samples (4OR and 9OR), were collected during the winter Northeast Fisheries Science Center (NEFSC) bottom trawl survey. The offshore samples were collected at depths less than 200 m ( Figure 1 ) over a broad area of L. pealeii habitat. Inshore samples included two commercial fishery samples (3IC and 10IC) that were collected from fish traps in Nantucket Sound. Other inshore collections (1IR, 6IR, and 7IR) were taken by the Massachusetts Department of Marine Resources, the Graduate School of Oceanography of the University of Rhode Island, and by the Rhode Island Department of Environmental Management, respectively. The inshore samples were collected from areas where spawning aggregations of L. pealeii are known to occur. Although sampling gears likely differed in their size selectivity, the various samples were chosen to characterize the probable structure of inshore and offshore components of the L. pealeii population that are available to the inshore and offshore fisheries and to examine broad trends in population structure and dynamics.
Samples of roughly 100 squid were randomly selected from the contents of each trawl or fish trap. Standard measurements were taken for each squid (n=1185). Table 1 . Basic sample statistics are given below. The first row for each sample lists the sample identification code (ID), date, location (see Figure 1) , net mesh size, and number of squid sampled, by sex and in aggregate. The initial number of ID is the chronological order of the sample. Then follow a location code, ''I'' for Inshore or ''O'' for Offshore and a source code, ''C'' for Commercial fishery or ''R'' for Research. The latitudes and longitudes are the starting coordinates. ''Mesh'' is the stretched mesh size (mm) of the cod end liner, except for samples 3IC and 10IC, where the fish trap net mesh size is given, and for 5OC for which no liner was used. The letter ''M'', ''F'', and ''U'' refer to male, female, and visually unsexable squid. The second row of data for each sample provides sample sizes by sex for the aged sub-sample. Sound  38  62  48  0  110  25  25  0  50   Offshore totals  300  277  7  584  Total aged  121  112  2  235   Inshore totals  242  219  140  601  Total aged  105  95  43  243   Grand total  542  496  147  1185  Total aged  226  207  45  478 Mantle lengths (ML) of all squid over 3 cm in ML were measured to the nearest mm, while those less than 3-cm ML were measured to the nearest 0.1 mm using dial calipers. Sex was determined through visual inspection of reproductive organs. Squid lacking visually identifiable sex organs were categorized as unsexable (U). Sexual maturity state was determined using the method of Macy (1982) Macy (1995) . Pairs of statoliths were removed from all individuals and stored dry in 96-well tissue culture plates. The target minimum sample size for ageing was 45 individuals per sample, but up to 55 squid were subsampled to allow for loss of some specimens during subsequent handling and preparation. The proportions of males, females, and unsexable squid in the whole samples were then used to determine how many squid of each sex category to sub-sample for ageing. Statoliths were then randomly selected to span the observed size distribution of each sex group. The statoliths were later mounted and prepared, and increments were counted using previously described methods (Macy, 1995; Brodziak and Macy, 1996) .
A set of 367 statoliths, collected for another study, was independently counted by two readers. The mean difference between the readers' counts was only 5.7 d, before those paired counts with coefficients of variation d10% were jointly recounted. Thus counting precision can be assumed to be high. Another source of counting error is uncertainty in locating the natal or hatching increment. Some statoliths exhibit a complicated structure around the nucleus that makes the natal mark difficult to discern. Sometimes pre-hatching increments are visible which can confuse matters further. Counting began at the natal or hatching mark. Unpublished work by W.K.M. confirmed that this increment is, in fact, deposited on the day of hatching. Further, the image analysis system used in this study was previously shown to provide accurate and precise readings of statolith increments of known-aged loliginid samples (González et al., 1998) . For simplicity, we assume that age estimates were made without error for subsequent analyses, Table 1 for additional details.
and that even in the worst case scenario the estimates would be less than 30 d or ca. 10% (Brodziak and Macy, 1996) . Logistic regression was used to compute maturity ogives as a function of length and age, where samples were aggregated by sex, hatch-season, and hatch-month. Models for size-at-age by sex, hatch-season, and hatchmonth were developed using methods described in Brodziak and Macy (1996) . Together, these analyses quantified size at age and maturity of components of the L. pealeii population that are harvested by the inshore and offshore fisheries.
Results

Population structure
Squid samples were heterogeneous in length distribution (Figure 2) . Although a broad range of L. pealeii lengths were sampled (0.9-31.6 cm ML), commercial fishery samples (samples 2OC, 5OC, and 8OC, and 10IC) generally contained few small squid (<5 cm). In contrast, other samples (1IR, 3IC, 4OR, and 7IR) contained significant numbers of these small squid, presumably due to increased catch rtes due to the use of relatively fine nets. The lack of small squid in the offshore commercial fishery samples is generally consistent with use of larger mesh commercial nets, designed to capture larger marketable sizes. Overall, squid length averaged 11.5 ( 5.6) cm (mean 1 s.d.) and individual lengthfrequency distributions were positively skewed. The length-frequency distribution of the February 1996 offshore research sample, 4OR, was clearly bimodal, with the smaller size mode at 6-cm ML and the largest at 19 cm. Similarly, the size distributions of the two commercial inshore fish trap samples (3IC and 10IC) and the fall 1996 inshore research sample (7IR) appeared to be composed of two or more size modes. We must emphasize that these length-frequency data should be seen as providing an overall reference framework, i.e. the broad trends, rather than focusing on inter-sample and interannual differences between samples.
The samples were relatively homogeneous with respect to their estimated age distributions ( Figure 3 that they were more symmetric and less variable than length distributions. Overall, estimated ages ranged from 56-231 d. With the exception of the 1IR sample, the oldest squid were caught in winter, the youngest in summer and fall. Individual sample age distributions ( Figure 3 ) had ranges of 107 d or less (49-107 d) except samples 1IR, 4OR, and 6IR (ranges=167, 131, and 180 d). Overall, the median age range was only 73 d. In general, most squid in each sample were concentrated within the 135-180 d age classes, with a total age range of only 60 d. Evidence of multi-modal age distributions was found in the winter offshore sample (4OR) and in the two fall inshore samples (1IR and 7IR), which also had multi-modal age distributions. In the last two cases the smallestmodal age class, 75-90 d, corresponds to the smallest size mode seen in Figure 2 , at 3-cm ML. Overall, size and age were poorly correlated for males and females, but unsexable squid showed a relatively strong relationship between size and age (r 2 =0.71). Analysis of the relationships between maturity stage and age for all samples pooled showed that unsexable squid averaged 90-d old, with a coefficient of variation (CV) of 28%. Average ages of males at stage M1, M2, M3, and M4 were 142 (12%), 158 (14%), 171 (14%), and 171 d (12%), respectively. The ages of females at stages 1-4 were similar: 140 (13%), 164 (12%), 172 (9%), and 169 d (15%). Thus, for both males and females, maturity stage increased with age up to stage 3 and stage 4 when mean age appeared constant. Size and maturation were only slightly correlated.
Hatching dates, back calculated from estimated ages at capture, showed that hatching frequency distributions differed between samples and seasons ( Figure 4 ). For the most part, hatch month distributions were unimodal and contained a mixture of three to four months of hatchings, except for sample 1IR whose hatching pattern was protracted and bimodal. Commercial catch hatch distributions (2OC, 5OC, 8OC, 3IC, and 10IC) tended to be roughly one month narrower than research survey hatch distributions. The two fall inshore research samples (1IR and 7IR) had noticeably broader ranges of hatching months. These tendencies likely resulted from differences in selectivity (see Table 1 ) between commercial fishery and research survey gears. Regardless, winter-caught samples hatched primarily during the months of August and September, spring-caught samples during November and December, summer-caught samples during February and March, and fall-caught samples hatched at least between May and August, but varied noticeably between sample years. Sexual maturation by season of capture Samples were pooled into seasonal groups to learn how sexual maturation, age, and size varied throughout the year (see Table 1 for the numbers of each sex present in each sample). This pooling was done, in spite of probable differences in fishing gear size selectivity, to gain a broader picture of the size, maturity, and age composition of the squid populations available to the two commercial fisheries. The majority (66%) of all wintercaught squid were immature males and females. In addition, a total of only seven unsexable (U) squid were sampled then. Males and females were about equally abundant. Eighty-seven percent of females were immature, compared with 48% for males. Maturing and mature females and males comprised 33% of the sample and were distributed over wide size ranges (5-23 cm, females; 6-32 cm, males) rather than being restricted to only the largest individuals. While there were only two stage 4 females present (one was aged), 69 of the 300 males were fully mature and about 174-d old. Spring samples, in contrast with winter samples, were characterized by the predominance of fully mature squid spanning a broad size range. Together, maturing and mature squid accounted for 98% of the entire collection. No unsexable squid were captured. Seventy-seven percent of females were fully mature, while 89% of males were mature. Mature males ranged in size from 2.5-28.1 cm ML, with an average size of 17.5 ( 6.39) cm. Females were smaller, with an average size of 14.2 ( 3.9) cm and a range of 4.2-19.5 cm ML. The mean ages of stage 4 females and males were the same and unchanged from winter, at 178 ( 18.2) d and 176 ( 15.9) d, respectively. Maturing individuals were much less abundant, amounting to only 18% of females and 7% of males. The mean ages of stage 3 squid were similar to those of stage 4. Roughly one-third of the females had mated by time of capture. Although most of the mated squid were classified as stage 4, some mated stage 3 individuals were present (3IC and 10IC) as well. The summer inshore samples were also composed mainly of maturing and mature squid (68% for females, 77% for males), but were somewhat smaller than those collected in spring. Again fully mature squid were the dominant group, amounting to 46% of females and 71% of males. The mean size of mature females was 12.2 ( 1.32) cm, that for males 14.9 ( 4.1) cm. As in the spring samples, mature squid of both sexes were distributed over a broad size range (females, 4.2-19.5 cm; males, 2.5-28.1 cm). These mature females and males were also roughly 1 month younger on average than those from the spring samples [140 ( 13.5) d and 153 ( 14.3) d]. About 51% of the summer-caught females had mated, and maturing and mature males exhibited a broad size range of 8-23 cm ML. Thus, most of the summer-caught squid either had spawned or were approaching spawning condition.
Unsexable and immature squid composed 98% of the autumn-caught inshore samples. This group outnumbered immature squid almost two-to-one, but were very small and young, averaging only 2.8 ( 1.0) cm ML and 85-d old. Only 5% and 15% of females and males, respectively, were maturing or mature. Stage 4 females and males appeared to be the same age on average [173 ( 64.5) d and 173 ( 45.0) d, n=2 and 3] and several weeks older than those in the summer samples.
The maturation data suggests that mature squid were present at some degree year 'round, and that the inshore component of the population was actively spawning throughout spring and summer. We were unable to discern any distinct thresholds for size or age separating the successive maturity stages. With the exception of the unsexable squid, the ages of all the sampled squid were remarkably, and unexpectedly, stable over time.
To summarize, an overview of seasonal trends in the sample age and size distributions of each sexual maturity stage is shown in Figure 5 . As the patterns differed little between males and females, the data were pooled. During winter each successive maturing stage was larger and older than the previous stage. In contrast, the size-age distributions of the spring, summer, and fall collections are more clustered together, differing from one another mainly in size. Although the stage 1 squid were very small in spring, the age distributions of all four stages were very similar: the median ages increased only 27 d between stages 1 and 4. In summer both the median sizes and ages were smaller. The fall collection is distinctive because of the presence of many young unsexable squid less than 5-cm ML (see Table 1 and Figure 2 ). Larger, more mature squid were again present then also. It is perhaps surprising to find, excluding the unsexable squid, that the maximum range of the 75th percentiles of the age distributions varied no more than 51 d (fall=137 d, spring=188 d), regardless of season. Moreover, the range of median ages between maturity stages 1-4 in any given season was 30 d or less when unsexable squid were excluded.
Median size and age at maturity
Values of median maturity at length (L 50 ) and age (A 50 ) for fully mature squid were computed using logistic regression, where possible, for sex, hatch season, and hatch month (Table 2) . In some cases, no estimates are listed because L 50 or A 50 values were unfeasible or regressions were not significant at the 5% confidence level. When all samples were pooled by sex the L 50 and A 50 values of females exceeded those of males. Summerhatched males had a higher L 50 than winter-hatched males, but no other comparisons by hatch season were possible. For males, estimates of L 50 showed a tendency to be higher for squid hatched during July-September, but comparisons with winter-hatched males were limited. Similarly, few estimates of L 50 or A 50 values could be made for females. Overall, it appeared that medium size and age at full maturity were lower for males in comparison to females, and summer-hatched males had a higher median size at full maturity than winter-hatched males.
Average growth in length
Average growth rates were calculated for each sex as ML (mm) divided by age at capture (mo). Unsexable squid had the lowest mean growth rate, 10 mm mo 1 , with a CV of 25%. Average male growth rate (26 mm mo 1 , CV=37%) was faster than females (22 mm mo 1 , CV=31%). Average growth rates were also calculated for two hatching seasons: November-April and May-October. Growth rates of males hatched during November-April (28 mm mo 1 , CV=41%) and during May-October (25 mm mo 1 , CV=34%) exceeded those of females hatched during either November-April (23 mm mo 1 , CV=33%) or MayOctober (22 mm mo 1 , CV=31%). Thus, sexual dimorphism in average growth rate was suggested.
Size-at-age models Models of L. pealeii size (ML) at age were estimated using Schnute's (1981) growth model by sex, hatching season (winter: November-April; summer: MayOctober), and hatch month. Maximum likelihood fits were determined as in Brodziak and Macy (1996) for each of the four cases of the Schnute model using nonlinear regression. Results showed that all fits to case II and case IV growth curves had at least one parameter that was not significantly different from zero at the 0.05 level of significance. As a result, cases II and IV model fits were rejected. For the case III growth curve, there was one instance where the parameters were significantly different from zero: females hatched during summer. In this instance, a likelihood ratio test of residual sums of squares led to selection of the simplier case IV curve, which corresponds to a power-law relationship between size and age.
Results from the selected growth models (e.g. all power-law curves) indicated that there was considered variation about the mean relationships, as r 2 values ranged from 0.06-0.90 (Table 3) . Growth curves by sex and hatch season showed that males grew to larger average maximum size (y max ) than females regardless of hatch season. Similarly, instantaneous daily growth rates (IDGRs) of males were substantially greater than for females, regardless of hatch season (Table 3) . Average maximal size and IDGRs of males hatched during winter and summer were similar, and female values for winter and summer hatch seasons were also comparable. The high value of IDGR of unsexable squid hatched during summer (1.5%) was greater than that of either males or females from either hatch season. This difference is primarily due to the relatively high value of the ratio of average maximal to minimal size of unsexable squid in comparison to males or females (Table 3) . Results for the growth curve analyses for samples, regardless of sex, grouped by hatch month show a broad trend of larger average maximal sizes and . Size and age data for each sample collection were pooled with respect to sex (see Table 1 ) and season of capture. The distribution of the pooled data is shown here with respect to age and size for each stage of sexual maturity (Macy, 1982) .
IDGRs for squid hatched during summer months, with the exception of November-December hatched squid which have high values of average maximal size and IDGR.
Comparisons of offshore and inshore commercial fishery samples
Size distributions of only the commercial offshore and inshore fishery samples [ Figure 6 (a)] show that the length frequency distribution of offshore-caught squid had a smaller modal size and a narrower size range than that of the inshore-caught squid. Although the inshore size distribution was multi-modal, the age distribution was not [Figure 6(b) ]. Most squid were 135-195 d old, but offshore-caught squid were about 15 d older than the inshore-caught squid. The inshore samples had a greater proportion of squid over 150-d old (94% vs. 83%). As can be seen in Figure 6 (c), there appear to be two major spawning periods, one inshore, which peaks in August and September, the other elsewhere, which peaks in November-December. The distributions of hatch month for the offshore and inshore samples clearly indicate that squid caught by the offshore fishery were spawned during the previous inshore season and that squid caught by the inshore fishery were spawned during winter. Ninety percent of the winter-hatched squid hatched during the months of November and December alone. Data for maturing and mature squid as a function of size (ML) and age for inshore-and offshore-caught squid showed that maturity-at-size differs in squid harvested by the two fisheries. Inshore samples matured at smaller sizes. Fifty percent of the inshore-caught males and females had reached stage 3 at roughly 9-cm ML. Inshore-caught stage 4 females were smaller than the males at the 50% level, at 12 cm and 16 cm, respectively. The size at which offshore-caught squid of both sexes reached the 50% level was larger. Offshore-caught stage 3 males were somewhat smaller than stage 3 females, 12 cm vs. 15 cm. Only one stage 4 female was captured offshore, consequently no ogive was possible for that group. However, offshore-caught mature males reached the 50% level at 17 cm, about the same size as for the inshore males. In contrast, inshore-and offshore caught squid at stage 3 and stage 4 reached the 50% cumulative frequency level at similar ages. Note that, in both inshore and offshore fisheries, roughly half of the squid were maturing or mature within a relatively narrow window of 150-160 d with an interquartile range of only a month, from 140-170 d.
Discussion
Recent analyses of squid catches from National Marine Fisheries Service (NMFS) spring and winter trawl surveys (Cadrin and Hatfield, NEFSC, pers. comm.) showed that unsexable squid were caught in substantial numbers south of Hudson Canyon with 13-mm mesh nets. In this study, the NMFS winter surveys (samples 4OR and 9OR), using the same sampling gear, caught very few squid less than 5-cm ML. On the other hand, a commercial fishery sample (2OC) captured six of the total of seven unsexable squid captured during winter with a 60-mm mesh liner. Net selectivity alone does not therefore seem to account for the observed size distribution differences between samples from the same season and year. Squid schools are likely to have patchy spatial distributions, and individual squid schools may be sizesegregated as well. Thus the apparently poor sampling of small squid spawned during the winter may result from multiple causes.
Our direct ageing of samples from both the inshore and offshore fisheries for L. pealeii shows that these seasonal fisheries likely interact and harvest squid spawned in the previous season. Our data show that the inshore fishery harvested squid hatched during winter, while the offshore fishery harvested squid hatched during summer and early autumn. Although squid harvested in the inshore fishery tended to be larger than those harvested offshore, it is important to note that the median of age of maturity from both fisheries was about 150 days of age. This five months time period, plus several weeks required for hatching and post-spawning mortality, supports the hypothesized six months typical lifespan. Thus, the interaction between inshore and offshore fisheries has important implications for fishery management because it suggests that conservation efforts to maintain spawning escapement need to be jointly pursued for both fisheries. In particular, our data strongly support the hypothesis that the inshore fishery is entirely dependent upon squid which survive the winter offshore fishery season.
Previous attempts to estimate age and growth of L. pealeii using modal length-frequency analysis (e.g. Verrill, 1879; Summer, 1968 Summer, , 1971 Mesnil, 1977; Macy, 1980) were unsuccessful due to the multi-modal nature and high levels of variability of observed lengthfrequency distributions. Results of this study and that of Brodziak and Macy (1996) suggest that much of this variability is a consequence of year-round spawning.
As we have now shown, the Loligo population is not homogeneous with respect to size-at-age and growth rates, and this heterogeneity accounts for the observed highly variable relationship between size and age. The major question raised by this study is why does the age structure remain nearly constant throughout the winter and spring? We hypothesize that the sampled population structure of L. pealeii results from nearly continuous spawning (Brodziak and Macy, 1996 ; Figure  3 ) and recruitment throughout the year in some part of the species' geographical range, and that substantial migration occurs both inshore and offshore and between southern and more northerly parts of the range during winter. The winter geographic distribution of L. pealeii shifts southward relative to the summer distribution, and the bathymetric distribution shifts offshore into deeper water.
We further suggest that majority of the winter spawning occurs at the southern end of L. pealeii's range, from Virginia south. In an apparently largely unnoticed MSc thesis, Whitaker (1978) reported that L. pealeii spawns during the winter in near shore waters on the continental shelf south of Cape Hatteras, and found eggs there in late January and February. Commercial squid fishermen have also reported finding squid eggs on the shelf off Virginia in winter (Captain James Ruhle, MAFMC, pers. comm.). The Gulf Stream may subsequently transport the newly hatched squid northward. Spawning within shelf-edge canyons in more northerly waters during winter is another possibility.
Results of a recent study of the life history of Loligo gahi in the Falkland Islands fishery zone (Hatfield and Rodhouse, 1994) can reasonably explain the relatively stable age structure we observed for L. pealeii as well. L. gahi recruitment occurs throughout the year, and there are movements of the fished stock which result in an observed age structure, which as in L. pealeii, changes little over much of the year. L. gahi makes an ontogenetic descent in the water column, to depths of at least 400 m, and thus the commercial fishery, fishing the 150-250 m depth range, samples only a portion of the life cycle. Thus, with two main spawning periods, each of the two fishing seasons catches squid at the same stage of life and of the same range of ages. L. pealeii makes an ontogenetic descent as well. Summers reported that its peak abundance occurred between 110-183 m depth, that ''. . . individual specimens were larger at greater depths'' (Summers, 1969) , and that the largest individuals were caught around 280 m (Summers, 1967) . Similar findings were also reported by Serchuk and Rathjen (1974) , Vovk (1978) , and Brodziak and Hendrickson (1999) . In this study, all samples were taken in less than 200-m depth, which may explain the lack of squid over 20-cm ML in the winter samples. It is not clear if the commercial sample depths from this study are typical, but it seems reasonable that the US offshore winter fishery for Loligo pealeii also only samples part of the life cycle, and hence most samples are composed of squid of nearly constant age.
Seasonal distributions and growth rates of L. pealeii are likely to be controlled by temperature. L. pealeii avoids waters colder than 8-10 C (Summers, 1969; Serchuk and Rathjen, 1974; Whitaker, 1978) . Surprisingly, Summers (1969) found that late winter bottom temperatures increased with depth, and that water warmer than 8 C was found along the edge of the continental shelf from Cape Hatteras to western Georges Bank. During fall fisheries surveys catches of adults peaked at intermediate bottom and surface temperatures, but declined at higher temperatures (Brodziak and Hendrickson, 1999) . Whitaker (1978) stated that ''. . . squid (L. pealei) north and south of Cape Hatteras have exactly opposite seasonal distribution patterns, being dictated in both cases by water temperature.'' His data showed that L. pealeii was distributed during winter and spring throughout the shelf south of Cape Hatteras, presumably because water temperatures there exceed 8 C. He further suggested that L. pealeii was restricted to the continental slope waters south of Cape Hatteras during the summer because inshore water temperatures become too warm (to 28 C). Forsythe (1993) argued that laboratory-rearing experiments with Loligo forbesi suggest that temperature changes as small as 1 C, during a portion of juvenile life, can have marked effects on the final size attained. Grist and des Clers (1998) predicted that squid hatched in seasonally warming waters should attain larger ultimate sizes than those hatched earlier at lower temperatures. Such may well be the case for L. pealeii. Unfortunately, no direct growth measurements of L. pealeii paralarvae and very small juveniles have been reported. Temperature-related seasonally varying growth rates have been reported for other Loliginid squid as well [Jackson and Choat (1992) Loligo chinensis; Jackson et al. (1997) Lolliguncula brevis], based on statolith age determinations.
The high estimated winter growth rates for squid hatched in November and December may reflect active movement into areas of favorable temperatures. Abundance of food of appropriate size must also be an important influence on growth rates, regardless of the prevailing thermal regime. Given the large number of possibilities for micro-cohort production, due to continuous spawning throughout the year, different environmental conditions are likely to be experiencd by each micro-cohort which should be reflected in its growth rate and size at maturity. Thus any given sample, except when small young of the year dominate the catch as in late summer or early fall, should be expected to be composed of a mixture of different size and age groups as is commonly reported for this species. Such heterogeneity in the population must therefore account for the high observed level of variability in size-at-age estimates.
